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Fabrication and Characterization of Barium Titanate Oxide(BaTiO3) Based Multilayer 
Capacitor 
 
Abstract 
This dissertation focused on the fabrication and electrical characterization of multilayer 
ceramic capacitors of various compositions using barium titanate oxide (BaTiO3). Wet 
mixing fabrication procedure was followed in the production of the samples of multi-
layer ceramic capacitors. Standard reagents grade oxides together with some alkanol 
families were used for the mixing of the samples. Stainless steel die was used for sample 
compaction to reduce unwanted dopants. Samples were prepared from a doped BaTiO3 
composition by mixing 10.0 wt% BaTiO3 with 0.1 wt% of BaCO3. This doped BaTiO3 was 
mixed together with varying percentages of other additives representing (A,B,C,D,E) 
high BaTiO3,  and low (F,G,H,J,K) BaTiO3 contents groups respectively. There were two 
special samples containing Cr2O3 and ZnO. The result of the analysis are  as follows; the 
sintered samples has a lower density, higher porosity and higher dielectric constant while 
the heat treated samples has high density, lower porosity and lower dielectric constant at 
both 950oC and 1100oC temperatures for high barium titanate oxide composition samples. 
The porosity trend was not defined with the samples of low barium titanate oxide 
contents at different temperature. The research found that at the   sintering temperature 
of 950oC, the relative dielectric constants was highest (1361.006) for samples of high 
barium titanate oxide contents and low at the heat treated samples of the same contents. 
Keywords: Fabrication, Characterisation, BariumTitanateOxide, Mutilayer Capacitor. 
 
 
 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 3 
 
1: Introduction 
A multilayer ceramic capacitor (MLCC) is a solid square structure that has  
two balanced, interleaved planar anodes that extend to two opposite 
surfaces of the ceramic dielectric material (Figure 1 and 2). This structure 
needs a lot of improvement, both in material and in assembling, to produce 
it in the quantity needed for today's electronic hardware. The use of MLCC 
has replaced the use of incorporated circuits (Figure 3); roughly three billion 
multilayer ceramic capacitors are being used in United States yearly [1]. 
Their points of interest originated from their little size, frequent performance 
of the use of barium titanate. This ceramic material has a significantly higher 
intrinsic dielectric constant than most other types of materials. It is also 
unable to be affected by dampness and temperature, and is good to efficient 
volume generation. Multilayer ceramic capacitors are accessible in different 
kinds of physical sizes and setups, such as leaded gadgets and surface 
mounted chips. Their important component can be compared in other styles.  
It is known as a chip and comprises dielectric materials that have been cast 
into fine layers, that has metal terminals that is not covered on inverse edges 
of the overlaid structure.  The structure is   sintered at high temperature to 
produce a solid piece which gives high capacitance values. After sintering, a 
good terminal is connected to the opposite ends of the chips to reach the 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 4 
uncovered cathodes. Ceramic dielectric materials can be expressed in 
different ways. The Electronic Industries Alliance (EIA) standard for ceramic 
dielectric capacitors (RS-198) separates dielectrics into different classes [2]. 
Multi-layer ceramic Capacitor (MLCCs) are fundamental building blocks 
that have up to 30 % of the total parts of the components in a hybrid circuit 
module. Multilayer capacitors contain strong terminated square inter-
electrodes. These electrode terminals are at the top of the ceramic piece 
where an electrical contact is made by burnt - in metallic layers. There are an 
extensive variety of multilayer ceramic capacitors. The widely used 
capacitances are 10 nF, 100 nF and 1 μF. The assessed voltage can be between 
4 V and 10 kV, with the most known capacitors having an evaluated voltage 
of 16 V, 25 V, 50 V or 100 V[3]. Since the beginning of electricity study, 
nonconductive materials like glass, porcelain, paper and mica has been used 
as insulators. These materials have been used in the past as the first dielectric 
capacitor. Porcelain was the first ceramic capacitor according to William 
Dubilier in 1909. Before World War II, mica was the known dielectric 
capacitors in the United States [4].  Mica is a natural material and available 
in large amount. In mid-1920s the deficiency of mica and use of porcelain in 
Germany incited the first capacitors using ceramic as dielectric, in setting up 
other ceramic capacitors. Para electric titanium dioxide was used as the first 
ceramic dielectric because of its capacitance temperature dependence; this 
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differentiates it from mica capacitors. In 1926 these ceramic capacitors were 
produced in little amount. This ceramic was a circle with metallization on 
both sides contacted with tinned wires. This came before the transistor and 
was used for vacuum-tube equipment (e.g., radio receivers) from around 
1930 through the 1950s. On the other hand, this para-electric dielectric has 
low permittivity that helps in capacitance qualities. In 1930s and 1940s radio 
part business made an interest for higher capacitance values, yet with low 
interest for electrolytic capacitors for HF decoupling applications. The 
ferroelectric ceramic material barium titanate with a permittivity in the 
range of 1,000 is up to ten times more before titanium dioxide or mica began 
to accept greater part in electronic applications [4]. The higher permittivity 
gave higher capacitance value with relatively unstable electrical parameters. 
These ceramic capacitors could replace the ordinarily utilized mica 
capacitors for less stability applications. Smaller measurements, when 
contrasted with the mica capacitors, leads to low production expenses.  The   
broadcasting industry after the Second World War gave more impetus to the 
comprehension of crystallography, phase transitions, the chemical and 
mechanical enhancement of the ceramic materials. Surprisingly the   blend 
of distinctive fundamental materials and electrical properties of ceramic 
capacitors can be accurately balanced. To recognize the electrical properties 
of ceramic capacitors, standardization characterized a few application 
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classes (Class 1, Class 2, and Class 3). The US and the European market had 
led to distinctive meanings of these classes (EIA versus IEC) and   since 2010 
an overall harmonization to the IEC institutionalization occurred [5]. They 
are able to store electrical charge when placed in an electric circuit. The 
higher the   degree of polarisability of the dielectric material, the higher the 
relative dielectric constant and the more the charge that can be stored. The 
amount of charge (Q) (in coulombs) that can be stored is equal to the applied 
voltage (V) (in volt) times the capacitance (C) (in farads).  
       ࡽ ൌ ࢂ࡯                                                                                                     (2.1) 
When a dielectric of relative permittivity (εr) is inserted into a parallel-plate 
capacitor the capacity which is: 
 ࡯ ൌ ࢿ૙࡭
ࢊ
                                                                                                           (2.2) 
Will increase to: 
  ࡯ ൌ ࡯૙       ࢿ࢘ ൌ ࢿ૙    ࡯ ൌ
ࢿ࢘࡭
ࢊ
                                                                      (2.3) 
Adapted from [2] 
 Where: A is the total area of the electrodes, ε0 is the permittivity of vacuum 
(8.85 x 10-12 farads/m), d is the spacing between the two electrodes or plates 
(i.e. thickness of the dielectric material). That is, the dielectric has increased 
the capacity by a factor of εr [6]. The capacitance is dependent of the relative 
dielectric constant (εr) and the geometry of the capacitor. As the thickness of 
the dielectric material decreases and the capacitance area increases, the 
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relative dielectric constant increase. Most capacitors have capacitance range 
of microfarads (10-6 F), or nanofarad (10-9 F), or picofarad (10-12) [7]. 
1.1: Types of Ceramic Capacitors 
 There are two types of ceramic capacitor: single layer and multilayer. The 
single-layer ceramic capacitor   consists of dielectric material sandwiched 
between two parallel plates. It has a relatively low capacitance capability 
because of the relatively small thickness of the   dielectric layer [7]. The 
decrease in size of discrete components produces a decrease in the overall 
size of the capacitors. Since the physical size of the capacitor plays a huge 
role in the capacitance value, a solution was found in the form of stacking 
many layers of dielectrics on top of alternating conductors to form a 
multilayer ceramic capacitor [8].  A multilayer ceramic capacitor has a higher 
capacitance, than the single-layer ceramic capacitor, because thinner and 
many dielectric layers can be fabricated [7]. The capacitance of the multilayer 
ceramic capacitor   is increased by a factor of (n-1) where n is the number of 
layers in the capacitor. The capacitance of the MLCC can be expressed as;  
࡯ ൌ ࢿ૙ࢿ࢘ሺ࢔ି૚ሻ࡭
ࢊ
                                                (2.4) 
Until 1995, the internal electrodes of MLCCs were made of expensive metals 
such as alloys of silver and palladium. These have been changed by base 
metals such as nickel or copper, which gives a reduction in the cost [8]. 
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A Multilayer Ceramic Capacitor 
 
 
       Figure 1: Adapted from [1]
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A multilayer Ceramic Capacitor 
 
 
Figiure 2: Adapted from[ 1]. 
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A multi layer integrated Ciruits 
 
      Figure 3:Adapted from[1]. 
 
1.2: Aim and Objectives of study 
The aim of this research is the fabrication and electrical characterization of 
multi-layer ceramic capacitors of various compositions using BaTiO3 as the 
major base component for more efficient performance.  
Objective of the Study 
I. To fabricate and test for suitable compositions of multi-layer ceramic 
capacitor with high dielectric constant.  
II. Characterize the multilayer ceramic capacitors using electrical 
parameters (C-V).  
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III. To achieve high relative permittivity (1000-3000) over a range of 
frequencies when compared to electrolytic capacitors (with relative 
permittivity of 10).  
 
1.3: Methods of Producing BaTiO3 
Barium titanate (BaTiO3) is a very good electronic ceramic and at room 
temperature has a high dielectric constant, which makes it a standout 
amongst the most imperative materials used as ceramic capacitors, 
particularly for the production of multilayer ceramic capacitors. In 
thermistors, level sensors, actuators and numerous other electronic and 
electro-optic devices BaTiO3 is utilized. The recent progress in the joining 
and scaling down of electrical components,   the increment in the capacitance 
has   improved   composite-type condensers in multilayer capacitors and 
boundary layer capacitors [9]. In the   recent decades, broad exploration has 
been conducted on the synthesis of nano-sized BaTiO3 powders with a 
smaller particle size distribution, controlled morphology, and high purity.  
The conventional way   of preparing BaTiO3 particles is through a solid- state 
reaction from the calcinations of BaCO3 and TiO2. The as-arranged powder 
is normally coarse and much agglomerated.  Recently, BaTiO3 nano-particles 
have been prepared through this system from nano-crystalline TiO2.  Solid- 
state reaction   is very tedious to prepare. Many alternative methods have 
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been developed for the preparation of BaTiO3, for example, the sol gel, 
hydrothermal, precipitation and combustion techniques[10].  
1.3.1: Barium Titanate oxide (BaTiO3) Temperature Characterization 
This involve five stages, arranging from high temperature to low 
temperature: hexagonal, cubic, tetragonal, orthorhombic, and rhombohedral 
crystal structures. The greater parts of the stages display the ferroelectric 
impact but not in the cubic stage. The high temperature cubic stage is the 
simplest to describe, comprising of octahedral TiO6 focuses that characterize 
a 3D shape with Ti vertices and Ti-O-Ti edges. In the cubic stage, Ba2+ is 
situated at the center of the cube, with a nominal coordination number of 12. 
Lower symmetry stages are settled at lower temperatures, associated with 
the movement of the Ba2+ to off-center position. The surprising properties of 
this material emerge from the cooperative behavior   of the Ba centers[11]. 
1.3.2: Electrical Characterization of BaTiO3 Multilayer capacitor       
(Capacitance- Voltage) 
The capacitance and the dissipation factor can be measured using true RMS 
multimeter.  
 Dielectric Constant () 
The level of charge storage capacity of a material is distinguished by the term 
dielectric constant or relative permittivity. When an electric field is 
connected to two flat plates of a metal, one plate becomes positive and the 
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other negative. The electric field causes polarization in the material in the 
space between the conductive plates. The relative dielectric consistent (k΄) 
contrasts the polarizability of the material and that of the vacuum between 
the plates [7]. 
k΄ =  ܓܕ܉ܜ܍ܚܑ܉ܔ 
ܓܞ܉܋ܝܝܕ 
                                                                                                    (2.5) 
In other references; the relative permittivity is quoted as εr, while ε0 is 
defined as the permittivity of the free space (8.85 x 10-12 F/m), and ε is the 
permittivity of the dielectric material. In this dissertation, the permittivity 
terms (εr, ε0, ε) will be used according to Equation (2.6).  
ࢿ࢘= 
ࢿ
ࢿ૙
                                                                                                               (2.6)  
Materials with low dielectric constant are used for electrical insulator 
applications. Materials with high dielectric constant are used in capacitors 
for charge storage and other functions. The dielectric constant is affected by 
temperature. The nature of the effect depends on the source of polarization. 
1.4: Materials and Methods for the study. 
 Fabrication procedures were followed in the production of the samples of 
multi-layer ceramic capacitors. Standard reagents grade oxides were used. 
Also some alkanol families were used for the mixing of the samples. The 
pressing die used was of stainless steel to reduce unwanted dopants. 
1.4.1:  Materials 
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 Table :1 List of the materials used for the preparation of the multilayer 
ceramic capacitor 
 Materials   Sources Purity 
  BaTiO3 Aldrich Chemical 
Company, USA  
 99 % 
BaCO3  
 
Aldrich Chemical 
Company, USA  
99 % 
MnO2 M&B Limited 
Dagenham England 
98.8 % 
 V2O5  Qualikems Lab. 
Reagents U.S.A 
98 % 
SiO2 Loba Chemie 
Lab.Reagents U.S.A 
99 % 
Cr2O3 Aldrich Chemical 
Company, USA  
99 % 
ZnO Aldrich Chemical 
Company, USA  
99 % 
Polyvinyl Alchohol Qualikems Lab. 
Reagents U.S.A 
99 % 
Ion exchange Resin BDHAnalar chemicals 
Ltd Poule England 
99 % 
Absolute Ethanol  JHD Chemical Ltd 
England 
98 % 
Toluene  BDHAnalar chemicals 
Ltd Poule England 
99.9 % 
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Table:2 Equipment and devices used in the preparation of the multilayer 
Ceramic Capacitor 
   Equipment  Model  Function 
Agate Mortar and 
Pestle 
Fritsch  Crushing 
Hydraulic Press  
 
Specac, Atlas Auto T25 Pressing 
Sintering Furnace  
 
Carbolite Furnace 
1000-1100OC AAF11/18 
Sintering 
Oven J.P Selecta SA Drying 
Stainless Steel Mould 40 mm die Pressing 
Petri Dish Fritsch   Handling 
Masking Tape  Labeling 
Ceramic die   Sample Holder 
Spactular  Measurement 
Measuring Cylinder   Measurement 
Beaker   Measurement 
Mechanical Shaker Stuart England Mixing 
Weighing balance Adventura Ohaus Weighing 
True RMS Multimeter. Philips, PM6304  Dielectric 
Measurement 
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1.4.2:  Experimental Procedure    
 Sample Preparation 
Samples were prepared from a composition of 10.0 wt % BaTiO3 and 0.1 wt % 
of BaCO3 was firstly mixed together to get the powders of a doped BaTiO3, 
which was mixed together with other additives to vary the sample 
composition of high (A,B,C,D,E) BaTiO3, and low (F,G,H,J,K) BaTiO3,  
samples, also the gram  % was obtained. There were two special samples of 
Cr2O3 and ZnO, thus the samples are composed as shown in the tables 3 and 
4 respectively. 
 
 Table :3 Showing the various percentages of BaTiO3 and the additives in 
the Samples 
 High BaTiO3 Composition             Low BaTiO3 
Composition 
 
Sample
s 
A B C D     E    F   G H   J   K    L   M 
BaTiO3 83.0 85.0 86.0 87.0 88.0  75.0  76.0 78.0  80.0 82.0  82.0 82.0 
MnO2 4.0 3.0 3.5 3.0 1.5   3.0   3.5 3.7   7.0  2.5  5.0 5.0 
V205  3.0 2.0 1.5 1.3 1.0   2.0   2.5 1.3  3.0   1.5   2.0 2.0 
SiO2  10.0 10.0 9.0 8.7  9.5   20.0  18.0 17.0 13.0  14.0   9.0 9.0 
Cr2O3   -   -   -   -     -    -    -   -    -    -   2.0  - 
ZnO   -    -    -     -    -     -     -   -   -    -   -   2.0 
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    Table: 4 Showing the weight equivalent of the percentage composition of 
the Samples 
 High BaTiO3 Composition      Low BaTiO3 Composition  
Samples A B C D     E    F   G H   J   K    L   M 
BaTiO3 17.43 17.85 18.06 18.27 18.48 15.75 15.96 16.38 16.80 17.22 17.22 17.22 
MnO2 0.84 0.63 0.74  0.63   0.32 0.63 0.74 0.78 0.84 0.53 1.05 1.05 
V2O5  0.63 0.42 0.35 0.27   0.21 0.42  0.53 0.27 0.63 0.32 0.42 0.42 
SiO2  2.10 2.10 1.89 1.83   1.99 4.20 3.78 3.57 2.73 2.94 1.89 1.89 
Cr2O3   -   -    -   -    -    -   -   -    -  - 0.42  - 
ZnO   -   -    -   -    -    -   -   -    -   -   - 0.42 
     
  Fabrication: The mixed powders were weighed with a weighing balance. 
Other materials used include mortar and pestle for grinding, beaker, 
cylinders for measuring the alkanols used, petri dishes for drying. The 
drying was done in an oven. 
 Weighing of Powders: The different weights by proportions of 
compositions as calculated of the various samples were measured into the 
petri dishes well labeled. 
 Milling of Powder Mixtures: The weighed compositions were mixed 
properly using mortar and pestle for about ten minutes, to produce a 
homogenous wet mixture. These mixtures were transferred into special 
plastic bottles and mixed with 15 ml. of deionized water, corked and shaken 
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for about 5 min. to have a suspension. The bottles with the suspension was 
fitted on a mechanical shaker, was shaked for about 18 hrs. at frequency of 
10 Hz . 
 Drying: The vibrated mixtures were transferred into the petri dishes and 
dried in the oven at 180 oC for 4 hrs. 
  Calcining: The dried samples was mixed with a saturated mixture of the 
binder (Poly vinyl alcohol) and heated at 200 oC in the oven for about 2 hrs. 
The solid mixture obtained was brought out of the oven, was allowed to cool 
at room temperature (34 oC). 
Milling of Calcined Mixture: The calcined mixture was crushed using 
mortar and pestel, the crushing was done for about 10 – 20 min. until the 
powder became slightly sticky. 
 Pelleting: About 4.5 g of the crushed calcined powders of different 
samples was weighed out using the weighing balance. This was loaded 
into the stainless steel mould and pressed into a circle shapes at a pressure 
of about 1800 N/cm2 or 18 tonnes in a hydraulic press at one minute to 
produce the ceramic capacitor samples, see plate (1). 
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Plate 1: Two of Sintered samples (A and B). 
Measurement of the Samples: The initial weight of the samples was 
determined using the weighing balance. The diameters of the sample were 
determined using a venier caliper. The thicknesses of the samples were 
determined using a micrometer screw gauge. 
Sintering: The samples of high ( A,B,C,D,E) BaTiO3, Low (F,G,H,J,K)  BaTiO3 
and special samples ( L, M,) compositions were placed on the ceramic die 
well labeled and placed in the furnace for sintering. The sintering was done 
as shown in (figure 4) in two different sets of samples at two different 
temperatures (950 oC and 1100 oC) at the same holding hour (8 hours). 
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Fig 4: Sintering cycle for both temperatures (950 oC and 1100 oC) 
As shown in figure 4, it took 1.50 hours to get to the final sintering 
temperature of 950 oC and 1.74 hours to get to the sintering temperature of  
1100 oC. Actual sintering lasted for eight (8) hours for both sintering 
temperatures. 
Heat Treatment of Samples: The sintered samples were placed on a ceramic 
die well labeled and then placed on a furnace for heat treatment for 45 
minutes at a temperature of 500 oC. 
 Measurement on the sintered and Heat treated samples 
The sintered and heat treated samples were weighed to determine the final 
weight using weighing balance. The diameter and thickness were also 
measured using micro meter screw gauge and veneer caliper. 
Capacitance Measurement: This was done by placing the sintered samples 
in the sample holder and using a true RMS multimeter to measure the 
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capacitance. The same procedure was used to measure the heat treated 
samples. 
1.4.3: Formulas Used for the Calculations of Different Measurements 
The theoretical density is calculated using equation 3.1, while the green and 
sintered densities are calculated using equation 3.2 and the respective mass, 
thickness and diameter are measured. 
ߩT BT = ρ1B1 + ߩ2 B2 + ߩn Bn                                                                                  (3.1) 
 Where ߩ1, ߩ2, ߩ3…………………ߩ݊  are the individual theoretical densities, 
and B1, B2, B3…………………Bn are the concentration by weight of the 
samples. 
D = ெ
గ௥మ௛
                                                                                                           (3.2)  
where D is the density , M the mass of the sample, r the radius of the samples 
gotten by dividing the diameter of the sample by 2 and h is the thickness of 
the sample. 
The densification is calculated, using equation 3.3 ,  weight loss is calculated 
using equation 3.4,  dielectric constant (ߝ) is calculated using equation 3.5, 
relative dielectric  constant (ߝr) is calculated using equation 3.6,  % porosity 
is calculated using equation 3.7, 
 
Densification ( %) =   ୱ୧୬୲ୣ୰ୣୢ ୢୣ୬ୱ୧୲୷      
୘୦ୣ୭୰ୣ୲୧ୡୟ୪ ୢୣ୬ୱ୧୲୷
ൈ100                                                 (3.3) 
 
Weight Loss ( %) =  ୵ୣ୧୥୦୲ ୭୤ ୥୰ୣୣ୬ ୱୟ୫୮୪ୣ ି ୵ୣ୧୥୦୲ ୭୤ ୱ୧୬୲ୣ୰ୣୢ ୱୟ୫୮୪ୣ
୛ୣ୧୥୦୲ ୭୤ ୥୰ୣୣ୬ ୱୟ୫୮୪ୣ
ൈ100     (3.4) 
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 Dielectric constant ሺߝ )    
        ߝ  =  ஼௛
గ௥మ
                                                                                                    (3.5) 
Where ߝ = dielectric constant 
C = Capacitance value measured 
h = thickness of the sample measured 
A = ߨr2,  
A = Area of the sample, 
 r  = radius of the sample gotten dividing the diameter of the sample by 2. 
Relative dielectric Constant (ߝr) 
 ߝr   =   ε/ߝo                                                                                              (3.6) 
where  ߝr   = Relative dielectric constant 
  ߝ     = dielectric constant 
  ߝo     =   dielectric in air or vacuum 
 % Porosity 
      PT = 100 ቀ1 െ ௌ௜௡௧௘௥௘ௗ ஽௘௡௦௜௧௬
்௛௘௢௥௘௧௜௖௔௟ ஽௘௡௦௜௧௬
ቁ                                                                     ሺ3.7) 
 
 1.5:  Results and Discussions 
   Green and Sintered Samples weight, Thickness and Diameter of 
different Temperatures 
The measured sample physical parameters (weight, thickness and diameter) 
at 950 oC and 1100 oC are shown in Table 5.  It was observed that sintered 
samples decreased dimensionally when compared to green samples. 
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Table 5:  Some physical parameters of Green and Sintered samples at 
different temperatures 
 Green samples Sintered at 950 oC Green samples Sintered at 1100oC 
Sample
s 
M 
(g) 
H 
(cm) 
D 
(cm
) 
M  
(g) 
H 
(cm) 
D 
(cm) 
M 
(g) 
H 
(cm) 
D 
(cm
) 
M 
 (g) 
H 
(cm) 
D 
 cm) 
A 8.058 0.317 3.22 7.268 0.363 3.17 4.428 0.217 3.22 4.427 0.194 2.99 
B 4.377 0.201 3.22 4.050 0.181 3.20 4.441 0.207 3.22 4.439 0.190 2.97 
C 4.466 0.192 3.22 4.252 0.190 3.18 4.178 0.186 3.22 4.175 0.176 3.02 
D 4.510 0.205 3.22 4.299 0.192 3.16 4.491 0.210 3.22 4.486 0.195 3.03 
E 4.473 0.193 3.22 4.185 0.187 3.16 4.438 0.189 3.22 4.435 0.180 3.12 
F 4.248 0.211 3.22 4.213 0.193 3.00 3.335 0.168 3.22 3.333 0.154 2.85 
G 4.309 0.242 3.22 4.304 0.233 3.10 4.241 0.233 3.22 4.235 0.209 2.85 
H 4.899 0.203 3.22 3.870 0.193 3.10 3.859 0.206 3.22 3.631 0.186 2.87 
J 4.286 0.214 3.22 4.261 0.194 3.20 4.435 0.221 3.22 4.179 0.197 2.99 
K 4.350 0.217 3.22 4.340 0.211 3.20 4.414 0.229 3.22 4.344 0.220 3.14 
L 4.487 0.197 3.22 4.282 0.159 3.15 4.417 0.199 3.22 4.219 0.192 3.13 
M 4.313 0.185 3.22 3.839 0.180 3.15 4.482 0.190 3.22 4.339 0.177 3.02 
   (M = Mass, H= Height, D = Diameter)     
Sintered and Heat treated Sample weight thickness and diameter 
The results of the measurements of the physical parameters (weight, 
thickness and diameter) of heat treated and sintered samples at 950 oC and 
1100 oC  are shown in Table 6. Consequently, after heat treatment the rate of 
dimensional decrease reduces. 
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Table 6:  Some Physical parameters of sintered and heat treated samples at 
 950 oC and 1100 oC 
( M = Mass, H= Height, D = Diameter) . 
Capacitance Measurement Result: The result of the measurement of the 
sintered sample and heat treated sample capacitance is shown in Table 7 at 
different temperatures. This shows relatively that samples E, C and B had 
 Sintered at 950oC Heat treated at 950oC Sintered at 1100oC Heat treated at 1100oC 
Samples M 
(g) 
H 
(cm) 
D 
(cm) 
M  
(g) 
H 
(cm) 
D (cm) M 
(g) 
H 
(cm) 
D 
(cm) 
M 
 (g) 
H 
(cm) 
D 
 (cm) 
A 7.268 0.363 3.17 7.259 0.360 3.13 4.427 0.194 2.99 4.425 0.192 2.80 
B 4.050 0.181 3.20 4.047 0.178 3.14 4.439 0.190 2.97 4.432 0.189 2.85 
C 4.252 0.190 3.18 4.247 0.185 3.15 4.175 0.176 3.02 4.170 0.174 2.92 
D 4.299 0.192 3.16 4.183 0.186 3.12 4.486 0.195 3.03 4.480 0.190 2.92 
E 4.185 0.187 3.16 3.912 0.183 3.06 4.435 0.180 3.12 4.430 0.179 2.92 
F 4.213 0.193 3.00 4.188 0.189 2.94 3.333 0.154 2.85 3.328 0.151 2.82 
G 4.304 0.233 3.10 4.200 0.188 3.02 4.235 0.209 2.85 4.008 0.209 2.78 
H 3.870 0.193 3.10 3.860 0.190 3.04 3.631 0.186 2.87 3.620 0.180 2.84 
J 4.261 0.194 3.20 3.989 0.156 3.13 4.179 0.197 2.99 4.176 0.195 2.93 
K 4.340 0.211 3.20 4.330 0.189 3.17 4.344 0.220 3.14 4.140 0.216 2.95 
L 4.282 0.159 3.15 4.279 0.155 3.10 4.219 0.192 3.13 4.213 0.176 2.98 
M 3.839 0.180 3.15 3.830 0.177 3.13 4.339 0.177 3.02 4.317 0.190 2.98 
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higher values of capacitance when compared with other samples. Also, heat 
treatment does not encourage improved capacitance of the system. 
 
Table:7 Capacitance Measurements of heat treated samples at different 
temperature 
    
Sintered at 950oC 
  
Sintered at 1100oC 
Samples Cs(F) Ch (F) Cs (F) Ch (F) 
A 1.31E-10 1.24E-10 1.18E-10 1.01E-10 
B 2.03E-10s 1.65E-10 1.28E-10 1.11E-10 
C 2.07E-10 1.65E-10 1.36E-10 1.24E-10 
D 1.87E-10 1.79E-10 1.38E-10 1.26E-10 
E 2.41E-10 1.85E-10 1.80E-10 1.20E-10 
F 1.24E-10 1.21E-10 1.14E-10 1.06E-10 
G 1.49E-10 1.59E-10 1.23E-10 1.12E-10 
H 1.58E-10 1.40E-10 1.30E-10 1.06E-10 
J 1.28E-10 1.25E-10 1.20E-10 1.13E-10 
K 1.34E-10 1.21E-10 1.24E-10 1.18E-10 
L 1.29E-10 1.16E-10 1.49E-10 1.19E-10 
M 1.59E-10 1.47E-10 1.24E-10 1.18E-10 
Where Cs – Capacitance of sintered sample 
           Ch  - Capacitance of heat treated sample 
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1.5.1: Results from calculations of Green and sintered densities, 
densification, porosity and weight loss ( %)                
The calculated results are presented in tables 8, 9, 10 and 11 respectively. 
All the samples have increase in density after sintering except few samples 
that have physical defects (Table 8).  The highest densifications after 
sintering were recorded in sample L at 950 oC  and F at 1100 oC respectively, 
while the lowest were recorded in sample A at 950 oC and sample K at 1100 
oC respectively. The densification values of  heat treated samples were 
highest in sample L and lowest in sample A for samples sintered at 950 oC 
while they were highest in sample A and lowest in sample K for samples 
sintered at 1100 oC (Table 8). There was a general reduction in the porosity 
of the sintered samples apart from sample K which had physical defect and 
sample L, which contained a very low melting point additive (Table 9). The 
porosity of the heat treated samples were lower than those of the sintered 
samples except for samples J, K, and L (Table 9). The dielectric constants of 
the samples sintered at both 950 oC and 1100 oC, were higher than those of 
the samples subjected to heat treatment (Table 10) the same trend is observed 
for the relative dielectric constants (Table 11). 
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Table 8: Density and Weight Loss Result of Samples at 950 oC and1100 oC 
 at 950oC at 1100 oC 
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 %
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A 5.420 3.122 2.537 2.621 46.802 48.346 9.804 2.506 3.250 3.743 59.957 69.052 0.023 
B 5.453 2.674 2.782 2.936 51.021 53.842 7.471 2.635 3.372 3.676 61.843 67.409 0.045 
C 5.494 2.856 2.818 2.946  51.289 53.620 4.792 2.758 3.312 3.579 60.280 65.142 0.072 
D 5.512 2.702 2.855 2.942 51.794 53.364 4.678 2.626 3.190 3.521 57.879 63.877 0.111 
E 5.506 2.846 2.854 2.907 51.831 52.798 6.439 2.884 3.223 3.696 58.536 67.127 0.068 
F 5.132 2.472 3.088 3.264 60.170 63.598 0.824 2.438 3.393 3.529 66.102 68.754 0.060 
G 5.180 2.187 2.447 3.119 47.245 60.206 0.116 2.235 3.176 3.159 61.317 60.990 0.141 
H 5.241 2.964 2.657 2.799 50.693 53.408 21.004 2.300 3.018 3.175 57.580 60.579 5.908 
J 5.324 2.459 2.731 3.323 51.294 62.417 0.583 2.464 3.021 3.176 56.744 59.655 5.772 
K 5.341 2.462 2.558 2.903 47.884 54.348 0.230 2.367 2.550 2.804 47.741 52.503 1.586 
L 5.457 2.797 3.456 3.658 63.323 67.023 4.569 2.726 2.856 3.432 52.331 62.890 4.483 
M 5.465 2.863 2.737 2.812 50.079 51.460 10.990 2.897 3.422 3.258 62.623 59.611 3.191 
 
 
 
 
 
 
 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 28 
 
 
Table 9: Porosity ( %) of samples after sintering temperatures and heat 
treatment 
Samples At 950 oC At 1100 
oC 
At 950 oC after 
heat treatment 
At 1100 oC after heat 
treatment 
A 53.20 40.04 51.65 30.95 
B 48.98 38.16 46.16 32.59 
C 48.71 39.72 46.38 34.86 
D 48.21 42.12 46.64 36.12 
E 48.17 41.46 47.20 32.87 
F 39.83 33.90 36.40 31.25 
G 52.75 38.68 39.79 39.01 
H 49.31 42.42 46.59 39.42 
J 48.71 43.26 37.58 40.35 
K 52.12 52.26 45.65 47.50 
L 36.68 47.67 32.98 37.11 
M 49.92 37.38 48.54 40.39 
 
 
 
 
 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 29 
 
 
Table 10: Dielectric constants of the samples 
 
at 950 oC at 1100 oC 
Samples s h  % 
Change 
s h  % 
Change 
A 1.21E-08 1.16E-08 3.711 6.52E-09 6.31E-09 3.184 
B 9.14E-09 7.59E-09 16.982 7.02E-09 6.58E-09 6.321 
C 9.9E-09 7.83E-09 20.902 6.70E-09 6.44E-09 3.859 
D 9.16E-09 8.71E-09 4.876 7.46E-09 7.15E-09 4.208 
E 1.15E-08 9.22E-09 19.818 8.48E-09 6.42E-09 24.311 
F 6.77E-09 6.74E-09 0.502 5.5E-09 5.13E-09 6.879 
G 9.2E-09 8.35E-09 9.276 8.06E-09 7.71E-09 4.300 
H 8.08E-09 7.33E-09 9.292 7.48E-09 6.02E-09 19.416 
J 6.18E-09 5.07E-09 17.921 6.73E-09 6.54E-09 2.933 
K 7.03E-09 5.8E-09 17.578 7.05E-09 7.46E-09 -5.854 
L 5.26E-09 4.76E-09 9.489 7.44E-09 6.01E-09 19.234 
M 7.34E-09 6.76E-09 7.923 6.13E-09 6.43E-09 -4.911 
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Table 11: Relative dielectric constants of the samples 
 
at 950 oC at 1100 oC 
Samples rs rh  % 
Change 
rs rh  % 
Change 
A 1361.006 1310.497 3.711 736.448 713.000 3.184 
B 1031.989 856.733 16.982 792.960 742.841 6.321 
C 1118.588 884.780 20.902 757.000 727.790 3.859 
D 1034.116 983.688 4.876 843.003 807.531 4.208 
E 1298.031 1040.784 19.818 957.274 724.551 24.311 
F 764.781 760.945 0.502 621.636 578.876 6.879 
G 1039.009 942.631 9.276 910.253 871.115 4.300 
H 912.623 827.818 9.292 844.293 680.366 19.416 
J 697.449 572.462 17.921 760.511 738.207 2.933 
K 794.123 654.530 17.578 795.767 842.350 -5.854 
L 594.520 538.105 9.489 839.846 678.309 19.234 
M 829.563 763.840 7.923 692.120 726.112 -4.911 
(where rs = Relative dielectric constant of sintered sample, rh=Relative 
dielectric constant of heat treated sample). 
 
1.5.2: Graphical  presentation of measurement and calculation results, 
illustrating the observed trends in the tables presented and also showing 
the variation of density (g/cm3) and dielectric constants () with sample 
compositions having high (samples A to E) and low (samples F to M) 
BaTiO3 contents. These are shown next page; 
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 Figure 5 : A scatter diagram showing densities (g/cm3) of samples versus 
sample compositions of High BaTiO3 contents at different sintering and heat 
treatment temperatures. 
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 Figure 6: A scatter diagram showing densities (g/cm3) of samples versus 
sample compositions of Low BaTiO3 contents at different sintering and heat 
treatment temperatures. 
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 Figure 7: A scatter diagram showing porosity (%) of samples versus 
sample compositions of High BaTiO3 contents at different sintering and 
heat treatment temperature. 
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Figure 8: A scatter diagram showing porosity (%) of samples versus sample 
compositions of Low BaTiO3 contents at different sintering and heat 
treatment temperatures. 
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Figure 9: : A scatter diagram showing relative dielectric constant (r) versus 
sample compositions of High BaTiO3 contents at different sentering and heat 
treatment temperatures. 
 
 
 
 
 
 
 
 
 
 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 36 
 
 
 
Figure 10: A scatter diagram showing relative dielectric constant (r) versus 
sample compositions of low BaTiO3 contents at different sintering and heat 
treatment temperatures. 
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Figure 11: showing relative permittivity (r) samples versus porosity for High 
BaTiO3  contents samples sintered at 950oC 
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Figure 12: showing relative permittivity (r ) of samples versus porosity for 
High BaTiO3 contents samples sintered at 950oC and subjected to heat 
treatment. 
 
1.6: Findings of the Research 
Based on the results from the processing of the sample pellets (after 
sintering), it was observed that there were decrements in the sample 
thickness and height as well as a reduction in the mass of the samples.  
Weight losses were observed in the samples sintered at 950 oC and 1100 oC 
as well as in the heat treated samples. The weight loss could be attributed to 
loss in moisture content, binder burnout and other volatile additives. The 
loss in weight and the shrinkage in the dimension of the samples led to the 
increase in the density of the sintered samples.  
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Densification:  The percentage densification is fairly constant for the 
sintered and heat treated samples at different temperatures.  The constant 
percentage densification irrespective of the decrease in percentage weight 
loss is an indication of change in mass and volume with temperature. This 
could be as a result of a decrease in volume of the samples since there were 
decreases in the diameter and thickness. It might also be as a result of 
chemical changes in the composition of the samples during sintering. From 
figure 5, it is observed that the sample sintered at 1100 oC have higher 
density than those sintered at 950 oC. The same trend is also observed after 
heat treatment of these same samples.  The effect of temperature on density 
could be attributed to gaseous phase formation within the samples or 
different crystal phase formation at 950 oC and 1100 oC respectively. The 
figure 5 also shows a striking contrast with that of figure 6. The density 
distribution for the compositions having low Barium titanate oxide content 
is quite narrow and scattered, while the high Barium titanate oxide content 
is wider (2.5 -3.7 g/cm3)  and almost linear. 
Capacitance: There was a decrease in the value of the capacitance of the heat 
treated samples when compared with the sintered samples at different 
temperatures. This could have been attributed to the change in the 
dimension of the heat treated samples due to the decrease in the diameter 
and thickness of the samples at the two different sintering temperatures; but 
a decrease in the thickness should cause an increase in the capacitance and 
this combined with the decrease in the diameter would cancel out thereby 
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keeping the capacitance of the heat treated samples constant. The obvious 
lower values of the capacitance of the heat treated samples therefore could 
be as a result of the change in material property of the dielectric either due 
to compositional changes due to the lower porosity of the heat treated 
samples. 
Dielectric constant:  The sintered samples with higher barium titanate oxide 
content have higher dielectric constants compared to the heat treated 
samples. 
From figure 9, it is observed that the sintered samples at 950 oC temperature 
had a higher relative dielectric constant than the sintered samples at 1100 oC 
and the heat treated samples at different temperatures of the same samples 
having high Barium titanate oxide content, while in figure 10, the samples of 
low Barium titanate oxide content did not show a trend of either high or low 
relative dielectric constant at both different temperature of sintered and heat 
treated samples. From figure 11, it is also observed that the porosity level 
and relative permittivity was high in high Barium titanate oxide content 
sintered at 950 oC and in figure 12, the same for 950 oC heat treated samples. 
Porosity: There was a reduction in porosity after sintering. The porosity of 
the heat treated samples decreased, this could be due to the low melting 
point of the additives used which caused the materials to vaporize and 
become trapped inside bulk of the composition used. In a nutshell therefore, 
the sintered samples with a lower density and higher porosity have higher 
dielectric constants, while the heat treated samples with higher density and 
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lower porosity have lower dielectric constants at both 950 oC and 1100 oC 
temperatures for high barium titanate oxide composition samples.  From 
figure 7, it can be seen that the sintered samples at 950 oC and heat treated 
samples of 950 oC having high Barium titanate oxide content have high 
porosity than the sintered samples at 1100 oC of the same high Barium 
titanate oxide. The porosity trend was not defined with the samples of low 
Barium titanate oxide content at different temperatures as shown in figure 8. 
From the graphical results so far, it can be deduced that there is a minimum 
quantity of barium titanate oxide that will give a stable dielectric constant 
and a good trend in the graph that will give a good interpretation of the work. 
This has been confirmed by [1] in a work where he stated that for a high 
dielectric constant to be obtained from a dielectric material or multilayer 
ceramic capacitor of Barium titanate based, the minimum Barium titanate 
oxide content used must be in the range of  (80 – 94 weight  %) .  
1.6.1: Conclusion 
From table 8, it is observed that there was a higher weight loss in the heat 
treated samples compared to the sintered samples which is expected. 
Similarly the densification was higher in the heat treated samples than the 
sintered samples. The trend in the porosity of the samples showed reduced 
porosity after heat treatment. There was a striking contrast between the 
samples of high barium titanate oxide content and low barium titanate oxide 
in their density distributions; for the low barium titanate contents, the 
density distribution was narrow and scattered and for high barium titanate 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 42 
oxide, the density was wider and almost linear. There was an obvious 
decrement in the capacitance value of the heat treated samples and also the 
sintered samples of high barium titanate oxide contents had high dielectric 
constant compared to the heat treated samples. The low barium titanate 
oxide content samples did not show a trend of either high or low relative 
dielectric constant at both temperatures of sintering or heat treatment. The 
fabrication and electrical characterization test for a barium titanate oxide 
multilayer ceramic capacitor have been carried out. The following were the 
results obtained; 
A  There was a minimum quantity of barium titanate oxide concentration 
that would give a stable dielectric constant. This produced a 
reproducible trend in the variable graphs and aided good 
interpretation of the results.  
B Also that the higher the relative permittivity the higher the porosity. 
On the whole, all the values of the relative dielectric constants obtained 
are much higher than those of the electrolytic capacitors.  
C The concept of heat treatment did not influence the electrical 
characteristics of the capacitor prepared. 
 
 
 
 
 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 43 
References 
[1]Kahn, M. (2004). Influence of Grain size Growth on Dielectric Properties 
of doped barium titanate, Journal of American Ceramics Society 54 (9) 
455-457. DOI: 10.1111/j.1151-2916.1971.tb12384. 
[2] Kemet Electronics Corporation (2014) Multilayer Ceramic 
Capacitor/Axial & RadialleadedU.S.A, Retrieved http://www.kemet. 
com/Lists/FileStore/Ceramic%20Molded%20Axial-adial%20X7R.pdf. 
[3]FutureElectronicCorporation(2015)MultilayerCeramic,DIO.http//www.f
utureelectronic.com/en/capacitor/multilayer-ceramic-capacitor. 
[4] Ho,Y., Jae-sung, P., Chang-Hoon, K., Doo-Young K. (2010). Difference 
between Compositional and grain size effect on the dielectric 
nonlinear of Mn and V-doped BaTio3 multilayer ceramic capacitor, 
Journal of Applied Physics 115, 244101.doi: 10.1063/1.4885155.  
[5] Murata, W., Mark, D. (2014). Design Solutions for DC bias in multilayer 
Ceramic Capacitor: Murata Technical Report, U.S.A. 
 [6] Rose M, Raynaldo, O., Michael,H., Kaladhar, R., and Kemal, A.(1971). 
 Reliability Challenges for CPU DecouplingMLCC in Proc.Capacitor 
 and  Resistor Technology Symposium U.S.A.CARTS, New Orleans, 
 Louisiana 15-18 pp279-288. 
[7]Richerson, D.W. (2015). Modern Ceramic Engineering Properties, 
Processing, and Use in Design, Third Edition, and ISBN: 
9781574446937, CRC Press. 
 ADVANCES IN BIOSCIENCE AND BIOENGINEERING 
 44 
[8]Allison, M. (2007). Metrology and Analysis of nano-particulate barium 
titanate dielectric material Kanas University U.S.A. Retrieved from 
krex.k-state.edu/…/browse. 
[9]Guang, F., Lxia, H., and Xueeguang, H. (2015)  Synthesis of Single Crysta 
BaTiO3, Nano particles via one step sol precipitation route. Journal 
of Crystal Growth  Volume. 279, Issues 3-4, pp 489-493. 12. 
[10]Maso, H., Beltram, E., and Cordoncillo, A.A. (2006)  Synthesis and 
electrical Properties of Nb- doped BaTio3. Journal of Materials 
Chemistry, Pp 40(2) 191-192. Retrieved from 
Http://Pubs.rsc.org/En/journal/journal/jim. 
[11]Nyutu, E., Chen, K., Chu-Hu, D. Prabir, K., and Steven, L. (2008). Effect 
of Microwave  Frequency on Hydrothermal synthesis of 
NanoCrysalline Tetragonal Barium Titanate, Journal of Physical 
Chemistry 112 (26) ), pp 9659–9667 DOI: 10.1021/jp7112818 . 
 
